Late Maestrichtian to late Eocene bathyal benthic foraminiferal faunas at Sites 752,753, and 754 on Broken Ridge in the eastern Indian Ocean were analyzed as to their stratigraphic distribution of species to clarify the relation between faunal turnovers and paleoceanographic changes.
INTRODUCTION
During Ocean Drilling Program (ODP) Leg 121, we recovered an upper Maestrichtian to lower Eocene section at Site 752 on the crest of Broken Ridge (1086 m present water depth) (Fig. 1) . Recovery of this section provided an opportunity to study benthic foraminiferal faunal changes across the Cretaceous/Tertiary boundary and the faunal turnover near the Paleocene/Eocene boundary.
Previous studies suggest that deep-sea benthic foraminifers were little affected by the catastrophic event at the Cretaceous/Tertiary boundary (Douglas and Woodruff, 1981; Hsü, 1986; Culver, 1987; Thomas, 1989 Thomas, , 1990a . The percentage of foraminiferal disappearances at the end of the Cretaceous has been estimated variably by different workers (Beckmann, 1960; Beckmann et al., 1982; Webb, 1973; Dailey, 1983; Keller, 1988;  al., 1987; Katz and Miller, 1990; Kennett and Stott, 1990 ) and bulk carbonate Shackleton et al., 1985) . Benthic foraminiferal oxygen and carbon isotope changes apparently were coeval with the faunal turnover (Miller et al., 1987; Thomas, 1989 Thomas, , 1990a Thomas, , 1990b Katz and Miller, 1990; Kennett and Stott, 1990) . The cause of the benthic foraminiferal extinction has recently been ascribed to changes in deep-water source regions (Miller et al., 1987; Thomas, 1990a Thomas, , 1990b Katz and Miller, 1990) . Miller et al. (1987) and Katz and Miller (1990) stress the production of deep waters in the Antarctic during the late Paleocene, based on stable isotope analyses, and they considered that the extinction was caused by the cessation of the Antarctic deep-water formation, in agreement with Thomas (1990a Thomas ( , 1990b , who suggested that the deep waters were produced temporarily at low latitudes and reached the high latitudes because deep-water formation at high latitudes stopped, as proposed by Katz and Miller (1990) (hypothetical warm, saline deep water, Brass et al., 1982) . The halothermal circulation characterized by warm, saline deep waters formed at low latitude (= the Tethys Sea) is referred to as the "Proteus Ocean" by Kennett and Stott (1990) .
All of the above studies are based on fauna of the South Atlantic and Pacific oceans. Thus, detailed information on benthic foraminifers in the Indian Ocean can increase our understanding of how benthic foraminifers responded to these Oceanographic changes. Because Broken Ridge Site 752 is situated between the Antarctic and the Tethyan region, it is particularly suited to the study of sources of deep waters. The purpose of this study is to clarify the stratigraphic distribution of benthic foraminiferal species and to discuss the middle to lower bathyal faunal events in relation to paleoceanography.
MATERIAL AND METHODS
Sites 752, 753, and 754 are located across the crest of Broken Ridge at present water depths of 1086 m, 1176 m, and 1074 m, respectively ( Fig. 1 ). Paleogene and upper Maestrichtian samples were recovered from the prograding, downlapping carbonate sequence below an angular unconformity. At Site 752 (30°53.475'S; 93°34.625'E), Hole 752A was cored with the advanced piston corer (APC) and extended core barrel (XCB) down to 308 mbsf and Hole 752B was rotary-cored (RCB) to a total depth of 436 mbsf. Paleogene and upper Maestrichtian sediments are light green or gray nannofossil calcareous chalk with fine lamination and bioturbation. The lithology of the Cretaceous/Tertiary boundary is exceptional, with the intercalation of dark green volcanic ash layers (Rea et al., 1990a) immediately above the boundary. The middle Eocene section at Site 753 (43.6-62.8 mbsf) was cored with the XCB. These sediments consist of white foraminifer-bearing nannofossil chalk. Upper Eocene brown nannofossil ooze was recovered from above the unconformity at Hole 754A and only Core 121-754A-14X is included in this study.
Upper Eocene Cores 121-752A-11H and -12H (Zone CP15a, -b) and 121-754A-14X (Zone CP 15b), consisting of coarsegrained sediments with molluscan shell fragments, were also studied (Peirce, Weissel, et al., 1989; Rea et al., 1990a) . In those cores, benthic foraminiferal fauna consist of lower neritic to upper bathyal species in association with small numbers of inner neritic species (<30 mm) such as Amphistegina, Stomatorbina, and bryozoan shell fragments. In contrast with the well-to moderately preserved specimens of the outer neritic to upper bathyal fauna, however, the very badly preserved inner neritic specimens suggest downslope transport.
Samples were treated with a 3% hydrogen peroxide solution and washed through a 63-µm sieve. Sample volume was measured by putting the sediments into a graduated cylinder with water before washing. Over 200 specimens per sample were picked from aliquots of the >149-µm size fraction that facilitates taxonomic works. This size fraction is the same as Nomura (this volume) and would be quantitatively comparable with Neogene faunas. Although deep-sea foraminifers have been studied by different size fraction (>63~>300 µm; e.g., Kuriharaand Kennett, 1985) , earlier studies describing benthic foraminifers were based on a larger size fraction. The planktonic percentage is based on a count of over 100 individuals of both planktonic and benthic foraminifers.
Age estimates of samples are based on nannofossil biostratigraphy (Peirce, Weissel, et al., 1989; Pospichal et al., this volume) and magnetostratigraphy (Gee et al., this volume) . The absolute ages are estimated by linear interpolation using sediment thickness and by the magnetic polarity time scale of Berggren et al. (1985) .
In order to reduce species to a closely related species group (= assemblage), a Q-mode factor analysis (CABFAC; Klovan and Imbrie, 1971 ) with varimax rotation was applied to the relative abundance data. Taxa were included in this analysis if they occur at abundances >4% in each sample and were found in more than two samples (Table 4) . Several taxa that occur >4% in Table 1 (back pocket) were not included because they were stratigraphically unimportant. The data set for the factor analysis is based on the composite faunal data from Sites 752 (upper Maestrichtian to lower Eocene and upper Eocene), 753 (middle Eocene), and 754 (upper Eocene). The faunal data from these sites represent different ages, except for the short overlap of the upper Eocene between Site 752 and Site 754. Thus, the results plotted and tabulated reveal the time-series faunal variation at Broken Ridge.
RESULTS

Relative Abundance
The stratigraphic distribution of benthic foraminifers at Sites 752, 753, and 754 is shown in Tables 1 (back pocket) , 2, and 3, and the relative abundances of the most common species, plotted vs. depth below seafloor, are shown in Figure 2 . The greatest change in relative abundances was near the Paleocene/Eocene boundary. Through the Maestrichtian and Paleocene, Stensioina beccariiformis attained 10% to 45%, with an average of 25%, but it became extinct in the upper part of Zone CP8 (Sample 121-752A-20X-1, 70-75 cm; 181.4 mbsf). A similar change of relative abundance and extinction is found in Pullenia coryelli (3%-19%) and Cibicidoides hyphalus (0%-21%) in the Maestrichtian to the Paleocene. Cibicidoides cf. pseudoperlucidus occurs in Zones CP4 to CP8, with relative abundance of 4%-31%, but decreases in relative abundance in Zone CP8 and became extinct in this zone.
The following three species are abundant in the lower Eocene: Alabamina dissonata (peak abundance 9%), Bulimina tuxpamensis (peak abundance 15%), Cibicidoides subspiratus (peak abundance 27%), and Cibicidoides sp. 6 (peak abundance 5%). Nuttallides truempyi occurs continuously through the Paleocene to the middle Eocene, except for seven upper Paleocene samples, but it does not occur in the upper Eocene samples. The extinction of N. truempyi has been attributed to bottom-water cooling during the middle to late Eocene (Corliss and Keigwin, 1986) . Hanzawaia ammophila and Osangularia sp. 1, making up 13% and , 1986) . The occurrence of these species corresponds to the rifting event at Broken Ridge, which had ended by the time of seafloor spreading in magnetic anomaly 18 (Peirce, Weissel, et al., 1989 
Stratigraphic Ranges of Selected Benthic Foraminifers
During the last decade, a large number of biostratigraphic and systematic studies on deep-sea benthic foraminifers has revealed that the first and last occurrences of some bathyal and abyssal species may be useful in constructing a biostratigraphic zonation (TjalsmaandLohmann, 1983; van Morkhoven et al., 1986) . Based on the synthesis of previous reports, Berggren and Miller (1989) proposed four zones for Paleocene to Eocene bathyal species. In this section, the stratigraphic ranges of selected species at Sites 752, 753, and 754 are compared with the results of these workers (Fig. 3) .
The last occurrence datum of Coryphostoma incrassata occurs in the short interval across the Cretaceous/Tertiary boundary that is defined by the last appearance of Cretaceous planktonic foraminifers and the first appearance of Tertiary nannofossils. Bolivinoides draco was not found in Sample 121-752B-11R-3, 112-114 cm, just below the Cretaceous/Tertiary boundary. The extinction horizon of these species agrees with the results of van Morkhoven et al. (1986) , who emphasized these forms as Late Cretaceous guide fossils. Cibicidoides dayi disappears in the upper Maestrichtian samples at Site 752, although its occurrence is recorded until planktonic foraminiferal P5 Zone by van Morkhoven et al. (1986) and Berggren and Miller's (1989) BB1. Tjalsma and Lohmann (1983) pointed out that many Paleocene species become extinct at the boundary between planktonic foraminiferal Zones P5 and P6a. Recently Thomas (1990a Thomas ( , 1990b estimated that the latest Paleocene faunal turnover occurred at 57.5 Ma in the Aubry et al. (1988) time scale (middle of CP8). The extinctions of Stensioina beccariiformis, Coryphostoma midwayensis, Cibicidoides hyphalus, and Cibicidoides velascoensis occurred in the latest Zone CP8 at Site 752. The last occurrences of Osangularia velascoensis and Gyroidinoides globosus are in Zones CP4-CP5 at Site 752, which is somewhat earlier than the last appearance in planktonic foraminiferal Zones P5 and P6a (Tjalsma and Lohmann, 1983; van Morkhoven et al., 1986) . This difference may be attributed to the rare and sporadic occurrences of these species in Paleocene samples, so that the species may have been missed in the examination of Broken Ridge samples. Turrilina brevispira first occurs in Sample 121-752A-18X-2, 67-70 cm, which is assigned to the lower part of Zone CP9a, but its first appearance is known from Zone P6a (= Zone CP8b) (van Morkhoven et al., 1986) . Cibicidoides subspiratus ranges from the uppermost lower Eocene (Zone P9) to the middle Eocene (Zone PI3) (van Morkhoven et al., 1986 ; Zone BB3 of Berggren and Miller, 1989) , but at Site 752 it occurs from the lowermost Eocene (Zone CP9a ). Pullenia eocenica occurs from the uppermost Paleocene (Zone CP8) to the lower Eocene at Site 752 and to the middle Eocene at Site 753. Tjalsma and Lohmann (1983) reported its first appearance in the lower Eocene (Zone P9 (= CPI l-12a)). The first appearance of Bulimina macilenta is in the lowermost Eocene sample (121-752A-19X-1, 70-75 cm, CP9a), almost the same as the first appearance (P6a-P6b) determined by Tjalsma and Lohmann (1983) . Alabamina dissonata ranges from lower Eocene (upper part of Zone CP9a) to upper Eocene (Zone CPI 5b) at Site 752, but van Morkhoven et al. (1986) records its first appearance from the Paleocene (P6a). Cibicidoides eocaenus is abundant in the lower Eocene at Site 752; its first occurrence is in Zone CP9a. Cibicidoides truncanus, known to have a rather short stratigraphic range useful as a biostratigraphic indicator (Zones P13-P16; van Morkhoven et al., 1986; Berggren and Miller, 1989) 
Diversity
The number of species per sample varies widely, probably in response to paleoenvironmental differences. In general, the species number per 100 specimens ranges from 10 to 20, with an average of 15.22 in Maestrichtian to Paleocene samples. Lower Eocene samples show less variation, with about 10 species per 100 specimens (Fig. 4) . The lowermost Eocene Sample 121-752A-19X-1, 70-75 cm (171.80 mbsf), has the lowest average number of species (5.7). This horizon is correlated with the interval just above the Paleocene/Eocene boundary event. By contrast, high numbers of species are found in the upper Eocene, which correspond to shallowing of Broken Ridge as a result of the rifting event (Peirce, Weissel, et al., 1989) .
In order to evaluate faunal diversity and equitability, the Shannon-Wiener Information Function (//') and E (E = e H '/ihe total number of species in a sample), respectively, were calculated ( Equitability (E), which is used as an index of the evenness of distribution of species among species, reveals no significant differences from upper Maestrichtian to upper Eocene. Sample 121-752B-11R-1, 44-47 cm, in the ash layer above the Cretaceous/Tertiary boundary, which is characterized by somewhat badly preserved Stensioina beccariiformis and Nuttallides truempyi, shows an exceptionally high value, however, which may be partly due to dissolution of foraminiferal tests.
Faunal Analysis
The result of factor analysis shows that the first eight factors explain 82.5% of the faunal variation in the data set (Tables 4 and  5 ). These factors are here recognized as varimax assemblages, with characteristic stratigraphic distributions as shown in Figure  6 . Samples having factor loadings of >0.5 were used to represent various assemblages (Fig. 7) .
Stensioina beccariiformis varimax assemblage (factor 1; 39.21% of the total variance) is characterized by the occurrence of S. beccariiformis in association with Pullenia coryelli, Nuttallides truempyi, and Cibicidoides velascoensis. This assemblage occurred in the upper Maestrichtian and Paleocene. The main constituents of this assemblage are included in the Velasco-type fauna of Berggren (1974) and Berggren and Aubert (1975 (Fig. 3) . The last appearance of Coryphostoma incrassata and Praebulimina navarroensis is 26 cm above the extinction horizon of the Cretaceous planktonic foraminifers such as Rugoglobigerina spp., Globigerinelloides spp., and globotruncanids, and 6 cm above the first appearance of the Tertiary nannofossil Biantholithus sparsus (Peirce, Weissel, et al., 1989) . Among the disappearing species, only two {Bolivinoi-des draco and Coryphostoma incrassata) were suggested as becoming extinct at the Cretaceous/Tertiary boundary by van Morkhoven et al. (1983) .
Of the 187 taxa that occur in the upper Maestrichtian to Paleocene, 23 taxa (including rare species) disappear at the end of the Maestrichtian. Thus, about 12.3% of the taxa disappeared at the Cretaceous/Tertiary boundary. Thomas (1990b) discussed last appearances of deep-sea benthic foraminifers at the Cretaceous/Tertiary boundary, and estimated that extinction rates fall usually in the range of 10%-25%, in agreement with the 12.3% extinction at Site 752. Furthermore, minor changes in factor loadings reveal that the faunal turnover is slight across the Creta- ceous/Tertiary boundary, although the Maestrichtian Cibicidoides hyphalus assemblage explains 4.05% of the original data set (Fig. 6) . Results of this study, therefore, are in agreement with previously published results, that there was no major extinction event of benthic foraminifers at the Cretaceous/Tertiary boundary (Beckmann, 1960; Douglas and Woodruff, 1981; Hsü, 1986; Thomas, 1990a Thomas, , 1990b .
The change in benthic foraminiferal number and planktonic percentage is shown in Figure 8A The lower horizon is correlated with a dark green ash layer exhibiting a higher volume magnetic susceptibility variation that relates to ash content (Peirce, Weissel, et al., 1989; Rea et al., 1990a) . The composite ash layer above the boundary spans from 352.65 to 358.17 mbsf (Fig. 8B) . The highest peaks of ash content (about 355-356 mbsf) correspond to the dramatically lower benthic foraminiferal number per million years. The benthic foraminifers in this interval have a very low species diversity and are badly preserved, with dissolved test walls. Therefore, some chemical effect on foraminifers from the ash layer may occur in this horizon. The influence of the ash layer is also detected in the decrease of carbon isotopic ratio in benthic foraminifers (Fig. 8C) . The abrupt decrease of the benthic foraminiferal number/m.y. at about 2 m above the boundary is primarily related to the dissolution of foraminiferal fauna, but preservation of benthic foraminiferal tests is good to moderate in other horizons above the boundary.
DISCUSSION
Cretaceous/Tertiary Boundary
In contrast to the mass extinction of planktonic organisms, minor extinction of deep-sea benthic foraminifers at the Cretaceous/Tertiary boundary event has been documented in various studies as recently reviewed by Thomas (1990a) .
Although the percentage of planktonic foraminifers decreases drastically just above the boundary, the benthic foraminiferal number per million years remained unchanged until about 2 m above the Cretaceous/Tertiary boundary at Broken Ridge. The reduced planktonic percentages continue to about 4.2 m above the boundary (within Zone CPI a). This interval falls within the low productivity horizon described in the "Broken Ridge Summary" chapter in Peirce, Weissel, et al. (1989) . The reduced benthic foraminiferal number per million years, as well as the near-ab- sence of planktonic foraminifers in this interval, is considered to result from dissolution of foraminiferal tests. The differential response of benthic and planktonic foraminifers, however, within 2 m above the Cretaceous/Tertiary boundary probably means that the Cretaceous/Tertiary event occurred in the surface ocean (e.g., Thomas, 1990a Thomas, , 1990b . The disappearance of some species such as Coryphostoma incrassata and Praebulimina navarroensis may be related to the collapse of the detritus-feeding food chain, as proposed by Sheehan and Hansen (1986) , Arthur et al. (1987) , and Thomas (1990a Thomas ( , 1990b . Arthur et al. (1987) suggested that the rapid decrease of marine primary productivity resulted in selective elimination of organisms dependent on the flux of organic matter as a food source, so detritus and deposit feeders utilizing the organic matter stored within the sediments show fewer extinctions after the Cretaceous/Tertiary event. 
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Cibicidoides cf. pseudoperluddus Assemblage excursion of δ 13 C of planktonic foraminifers (Boersma and Shackleton, 1981; Boersma, 1984; Arthur et al., 1987; Keller, 1989) . The positive shift of δ 13 C after the Cretaceous/Tertiary boundary event supports the theory of collapse of surface productivity, although the increased values are slight and vary between foraminiferal samples. This may indicate a reduced supply of organic matter to the seafloor environment at Broken Ridge as suggested by Keller (1989) . Thomas (1990a Thomas ( , 1990b reported that epifaunal species at Antarctic Sites 689 and 690 increased just above the Cretaceous/Tertiary boundary, probably as a result of the collapse of surface productivity. The epifaunal species dominate when there is a low amount of organic carbon (Corliss and Chen, 1988) . Epifaunal species were not counted in this study, but highly oxygenated bottom water, as well as a low concentration of nutrients just after the Cretaceous/Tertiary event, agrees with the positive shift in δ 13 C. Hsü (1986) suggested that bottom water was oxygen-deficient after the Cretaceous/Tertiary boundary event, but there is no evidence of such anoxic waters at the Broken Ridge or Maud Rise sites. The decrease of δ 13 C in Sample 121-752B-11R-1, 44-47 cm, is correlated with the lowest values of both benthic foraminifers and planktonic foraminiferal percentages. The low value of δ 13 C in this interval is correlated with higher amount of ash and may be accounted for by a supply of 12 C from volcanic ash. It seems clear that surface productivity did not cause the negative shift of δ 13 C.
Cibicidoides hyphalus
The Late Paleocene Benthic Extinction Event
It remains unclear what caused the extinction of many Paleocene taxa, represented by the Stensioina beccariiformis assemblage. The Paleocene and Eocene climate is generally considered to have been warm and stable (Savin, 1977; Oberhànsli and Hsü, 1986) , and thermal gradients between low and high latitude were considerably lower than those of today (e.g., Barron, 1987) . The exact timing of disappearance varies with species, but the extinction event culminated at the end of the Paleocene and most affected shallower deep-sea taxa (Tjalsma and Lohmann, 1983) . According to Thomas (1990b) , more than 35% of the Antarctic region species disappeared during the latest Paleocene extinction event that occurred for a short period (about 350,000 yr). At Site 752, about 36.6% of all Paleocene taxa (including rare taxa) disappeared at the end of the Paleocene. Although the paleodepth of Site 752 is slightly shallower than that of the Antarctic sites, the percentage of species that became extinct is similar. Oberhansli et al. (1984) and Oberhansli and Hsü (1986) noted that the late Paleocene positive δ 13 C event in surface and bottom waters is related to the benthic faunal turnover. Miller et al. (1987) , Thomas (1989) , and Katz and Miller (1990) pointed out the correspondence between benthic extinction and bottom-water temperature increase in the late Paleocene. Deep water warmed about 4 C across the Paleocene/Eocene boundary, and minimum deep-water temperatures were 12°C at that time (Katz and Miller, 1990) and ranged up to 17°C . At Site 752, the bottom-water temperature variation during the Paleocene was small, and the early Eocene temperature was warm, with "spikes" of low benthic δ 18 θ (Seto et al., this volume; Fig. 9 ). The Paleocene and lower Eocene δ 18 θ record from Site 752 is similar to previously described records (Shackleton et al., , 1985 Oberhansli and Hsü, 1986; Miller et al., 1987; Kennett and Stott, 1990; Katz and Miller, 1990) . A detailed examination, however, reveals that the benthic extinction event does not directly correlate with the change in δ 18 θ variation (Fig. 9 ), but is more closely related to the changes in δ 13 C, as demonstrated by Thomas (1989) . Low factor loadings for the Stensioina beccariiformis assemblage are closely correlated with the lowering of benthic δ 13 C values in upper Zone CP3 (Chron C25N), lower Zone (upper Zone C24R), and upper Zone CP8 (Chron C24R), respectively, although the changes in the S. beccariiformis assemblage were slightly later than the drop of δ 13 C (Fig. 9) . The interval of high benthic δ 13 C in the upper Paleocene is coeval with other reported events in the South Atlantic, Pacific, and Antarctic oceans Miller et al., 1987; Kennett and Stott, 1990; Katz and Miller, 1990) . Thus, the Indian Ocean stable isotopic results support the conclusion that the late Paleocene Oceanographic change occurred globally (Rea et al., 1990b) . Kroopnick (1985) showed that δ 13 C is controlled mainly by the input of organically produced carbon and subsequent oxidation. Therefore, oxygen-deficient waters show lower δ 13 C values (Miller and Fairbanks, 1985; Shackleton, 1986) . Woodruff and Savin (1989) commented that low δ 13 C is related to aged oceanic water. In addition, the late Paleocene decrease in the surface-to-bottom δ 13 C gradient of the Pacific and the South Atlantic oceans was related to a decrease of surface ocean productivity (Shackleton et al., , 1985 and Miller et al., 1987) . Following these authors' results, the young, nutrient-depleted water developed not only in the middle to lower bathyal waters of the Indian Ocean, but also developed globally in the late Paleocene (CP7-8), and aged, oxygen-depleted water developed in the latest Paleocene and early Eocene. Miller et al. (1987) pointed out three potential source regions of nutrient-depleted bottom waters: the Antarctic region, the North Atlantic/Arctic region, and the Tethys region. In the discussion of faunal change in the Cape Basin, Pacific Ocean Site 577, and the Atlantic sector of the Southern Ocean, Miller et al. (1987) and Katz and Miller (1990) decided that oxygen and carbon isotopic records from the late Paleocene reflect the presence of Antarcticsource bottom water. They further suggested that the short-time elimination of Antarctic-source water, as reflected in the δ 13 C record as well as bottom-water warming (a decrease of δ 18 θ in the latest Paleocene), might have triggered the benthic extinction event.
The extinction event at the end of the Paleocene (Zone CP8) occurred during an abrupt drop of δ 13 C values in benthic foraminifers (Fig. 9 ). In addition, there are two signals (near the Zone CP3/4 and CP4/5 boundaries) of the extinction event that have not been noted previously, though Miller et al. (1987) noted that the decrease of the Paleocene S. beccariiformis assemblage began in Zone P3b (CP4-CP5) in the Pacific Ocean (Site 577), and Thomas (1990b) also noted the change of the assemblages 6/7 at the Zone CP4/5 boundary at Maud Rise. At Site 752 (middle to lower bathyal depths, -1000 m, in the Paleocene; Peirce, Weissel, et al., 1989) (Plummer, 1926; Berggren and Aubert, 1975) . The timing of the incursion of the Midway-type fauna is closely correlated with the interval of lowered dl3C (Fig. 9) . The increase of taxa similar to those of the Midway fauna may be explained in two ways: (1) the shallowing of the crest of Broken Ridge up to shelf depths, and (2) depression of a shallower water mass to middle to lower bathyal depths. Rifting and shallowing of Broken Ridge occurred in the middle Eocene, and there is no evidence of shallowing of Broken Ridge during the Paleocene and earliest Eocene (Peirce, Weissel, et al., 1989) ; thus, it appears that shelf species migrated into this deeper environment. Thomas (1989) noted that the earliest Eocene faunas just after the Paleocene/Eocene boundary event probably migrated into the deep waters. Evidence for depth migration is also presented by Tjalsma and Lohmann (1983); however, they described an upslope migration of Paleocene species that occurred at the latest Paleocene extinction and was followed by a bloom of new species in the early Eocene.
Benthic foraminiferal depth migration might be related to changes in ocean circulation, which may be caused by the reorganization of the ocean and continent configurations. Thomas (1989 Thomas ( , 1990a Thomas ( , 1990b and Katz and Miller (1990) suggested a relation between the extinction event and the production of warm, saline deep waters. Based on the isotopic data of the Antarctic sites, Kennett and Stott (1990) stated, "The ocean during the Eocene, and perhaps the Paleocene, is inferred to have been two-layered, consisting of warm, saline deep waters formed at low latitudes and overlain by cooler waters formed at high latitudes." The source region of such warm, saline deep water is suggested to have been the Tethys. According to Berggren and Aubert (1975) , the upper Paleocene sediments surrounding the Tethys Sea in the North African region (LeRoy, 1953; Said and Kenawy, 1956; Berggren, 1974) are characterized by the "Tethyan Carbonate Fauna," shallow-water limestones containing larger foraminifers. The Cibicidoides-Anomalinoides assemblage developed as an offshore biofacies of the "Tethyan Carbonate Fauna" on a middle to outer shelf setting, in Zone P5 in the Sirte Basin of Libya (Berggren, 1974) . Downslope migration of shallower-dwelling faunas may have been facilitated at this time.
A Proteus Ocean, characterized by halothermal circulation, is in contradiction to the interpretation of Miller et al. (1987) and Katz and Miller (1990) with respect to the source of deep water, although Katz and Miller (1990) suggested that the Antarctic deep-water source was replaced by the short period of warm, saline deep-water formation near the Paleocene/Eocene boundary (58-57 Ma). The warm, saline bottom-water model is based on the notion that more sources of warm, saline water existed during the Late Cretaceous (Brass et al., 1982) and during the Tertiary (Prentice and Matthews, 1989) , due to the presence of large marginal seas lying in the net evaporation zone (10°^0° latitude). However, the marginal seas, including the Tethys Sea, contracted in size after the Cretaceous (Barron et al., 1981; Brass et al., 1982) , which would correlate with a reduction of the warm, saline deep-water mass (Brass et al., 1982) . Carbon isotopes reveal an inflow of young and nutrient-depleted waters in middle to lower bathyal depths at Zones CP7 and lower Zone CP8 (the interval of higher benthic δ 13 C values), and that warm and aged waters were not only formed during the latest Paleocene to early Eocene, but were also distinctly formed in short periods (near the boundaries of Zones CP3/4 and CP4/5) in the Paleocene at Site 752. The changes in carbon isotopic ratios of Anomalinoides danicus and Stensioina beccariiformis correlate with changes in S. beccariiformis, A. capitatusldanicus, and Cibicidoides cf. pseudoperlucidus assemblages (Fig. 9) , which suggests that changes of bottom-water character caused faunal change. Although the deepwater source in the eastern Indian Ocean is not determinable at this site alone, Stott and Kennett (1989) indicated that the Antarctic may not have been a significant source of deep water during the early Paleocene, contrary to Barrera et al. (1987) and Miller et al. (1987) . Stott et al. (1990) also suggested that sea-surface temperatures of the oceans surrounding Antarctica were temperate during much of the Paleocene and Eocene. If their conclusions are valid, I consider that the variations of warm, saline water originating from a low-latitude evaporation zone caused the changes in Paleocene and early Eocene benthic fauna. The Paleocene/Eocene extinction event seems to be reflected in the weakened influence of a warm, saline water circulation by the reduction of evaporation area of shallow marginal seas worldwide. This view is not in agreement with the previously mentioned conclusions that extinction resulted from the influence of warm, saline deep water because it is supposed to have higher δ 18 θ and δ 13 C values (e.g., Railsback et al., 1989; Railsback, 1990) ; however, these isotopic values decreased from the late Paleocene to early Eocene.
In conclusion, several hypotheses have been advanced to explain the faunal turnover in relation to water circulation at the end of the Paleocene, such as a decrease of surface ocean productivity, a cessation of the deep-water flow from the Southern Ocean (Antarctic region) (Miller et al., 1987; Katz and Miller, 1990) , and a concomitant inflow of warm, saline water from the low latitudes (Thomas, 1989 (Thomas, , 1990a (Thomas, , 1990b Kennett and Stott, 1990) . The benthic fauna and their isotopic composition, however, suggest that the weakened influence of the warm, saline water flow from the Tethyan region was critical for the changes in Paleocene deep-sea taxa at Site 752. Aged and oxygen-depleted deep waters would have formed following the weakening circulation influence of the warm, saline water.
The Velasco-type fauna characterized by the Stensioina beccariiformis assemblage changed in response to at least three cessations of warm, saline bottom-water flow during the Paleocene. The benthic extinction event at the end of the Paleocene suggests a weakening influence of the warm, saline water on deep-ocean circulation. 
